Background: Despite the effectiveness of timely reperfusion therapy for acute
Background
Unlike most developed countries where death rates from coronary heart disease (CHD) have declined due to improved awareness, prevention, diagnosis and timely treatment, morbidity and mortality is expected to increase in developing countries, such as China.
Such emerging economies will comprise 82% of the future global increase in CHD mortality [1] . Since the 1990s, a rapid steady increase in CHD prevalence has been observed throughout China and is a leading cause of morbidity and premature death [2, 3] . Data from the Chinese Health Ministry showed that in 2004, CHD accounted for about 5% of total hospital bed days in large or medium-sized cities, whereas in rural country hospitals, it accounted for about 3% [4] . One quarter of all deaths, equating to approximately 700,000 per year, are caused by coronary events [5] . The incidence of sudden cardiac death increased significantly, to 44.6 out of 100,000 per year for men and 39.0 out of 100,000 per year for women [6] . Guo and colleagues showed that increased morbidity and mortality were associated with an increased time from symptom onset to treatment and the delay had been an important predictor of malignant clinical outcomes in patients with AMI in China [7] .
Coronary heart disease, acutely manifests as acute coronary syndrome (ACS), spanning ST-segment elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI) and accelerated angina without evidence of myonecrosis [8] . Both international and Chinese studies have demonstrated the effectiveness of reperfusion therapy for patients with ACS [9] [10] [11] . However, early treatment is paramount to successful therapy. Globally, there is an inverse relationship between mortality and the time delay to reperfusion treatment with either thrombolytic therapy or percutaneous coronary intervention (PCI) [12] [13] [14] . Survival rates have been shown to improve by up to 50% if reperfusion is achieved within 1 hour of symptom onset and by 23% if achieved within 3 hours [15] . However, in the United States (US), of approximately 1.2 million people who suffer or die from an acute myocardial infarction (AMI), more than half die in an emergency department (ED) or before reaching the hospital [16] . The Global Registry of Acute Coronary
Events (GRACE）study showed that only half of Australian/New Zealand patients with STEMI presented for medical care within 2 hours [17] . In patients with NSTEMI, the proportion was 41.0%, 38.8%, 29.5%, and 21.2% for those from North America, Europe, Argentina and Brazil, respectively [17] .
Pre-hospital delay
In spite of the extensive research into pre-hospital delay internationally [18] , it is important to identify local factors to develop culturally appropriate interventions to decrease pre-hospital delay [19] . A study undertaken in the United Kingdom showed that the median interval from symptom onset to hospital presentation was 2.2 hours [20] . In the US, researchers found nearly half of the patients taking more than 4 hours to reach hospital [21] . In Australia, the median pre-hospital delay was 3.2 hours among patients with undifferentiated chest pain [22] . A multi-center registry from China found a median pre-hospital delay time for patients with AMI was 4 hours [23] .
Pre-hospital delay is defined as the time from symptom onset until hospital presentation [24] . It includes two phases: (a) symptom onset to the patient's decision to seek medical attention and (b) transportation time to the hospital. The first phase consumes the major portion of delay while the second phase and in-hospital delays in receiving treatment are small and decreasing globally, including in China [25, 26] .
Ye et al found the delay time from symptom onset to first hospital visit in China was 3.9 ±1.2 days for AMI and 11.6 ±4.2 days for patients with unstable angina pain, while the delay time from hospital visit to treatment was much less, 88.7 ±35.8 minutes and 30.4 ±12.3 minutes, respectively [26] . In Chinese hospitals, door-to-needle/balloon time has significantly decreased, primarily due to evidence-based approach to cardiovascular care and establishing chest pain centers, [27, 28] . However, to date aspects of pre-hospital delay in China have not been as well studied.
Method
The electronic databases Medline, ScienceDirect, PsycInfo, CBMdisc, CNKI，the
Internet, using the Google Scholar search engine, were interrogated using the search terms 'pre-hospital delay', 'care-seeking delay'，'coronary heart disease', 'heart disease', 'acute coronary syndrome', 'unstable angina pain', 'acute myocardial infarction', 'cardiovascular disease', 'chest pain', 'Chin(China/Chinese)'. A Chinese-speaking librarian reviewed the search strategy. Hand searching of 6 reference lists and Chinese cardiac journals were also undertaken. The conclusions of each of these studies were synthesized using the method of an integrative review [29] . The integrative review method is a useful strategy for collating and interpreting a body of literature to draw conclusions and make recommendations for practice, policy and research. A key focus of data extraction was the identification of pre-hospital delay time and the generation of independent predictors of delay and description of local factors. Thematic analysis of key themes was undertaken and issues generated from the review were compared and contrasted to the international literature.
Findings
Thirty-two data-based research articles were identified. Articles both in Chinese and English were reviewed. In order to obtain a broad perspective of issues, no studies were excluded on the basis of methodological rigor or design. Twenty eight studies were identified as shown in Table 1 . In parallel with international studies, older age, atypical symptoms, and decreased access to emergency medical systems impacted adversely on health outcomes. The findings of these studies are considered within the context of the articles retrieved for this review and the international literature [30] .
Specifically, implications for the Chinese health care system are identified.
Age
In Table 1 , 16 of 28 studies show that older age contributed to pre-hospital delay. In the US, Goff and colleagues found delay was increased by 14 minutes for every 10-year age increment [31] . Dracup and colleagues found that older individuals had lower knowledge scores regarding the symptoms of ACS and the appropriate course of action to take, as well as the level of perceived risk for future cardiac events [32] .
Similar findings from Chinese studies showed that older individuals were less responsive to symptoms due to the increased frequency of atypical symptoms [33] .
Atypical ACS symptoms can also contribute to prolonged pre-hospital delay [26, 34, 35] .
Wang et al found that only 20-40% of older ACS patients experienced typical onset symptoms [36] . For older people in China, transportation is another problematic issue, particularly for those who have symptoms at night. Individuals worry about bothering family members and delay seeking treatment, concerns also demonstrated in international studies [30] . On the other hand, family members' awareness regarding cardiac events impacts on accessing treatment [33, 37] . In China, if current aging trends continue, by 2040, those aged 65 years and above will have increased to almost one fifth of the population [38] . The aging of the population is a major driving force and is predicted to produce a 200% increase in deaths from cardiovascular disease between the years 2000 and 2040 [38] . Therefore, addressing the knowledge, attitudes and beliefs of older people is important.
Attribution of symptoms to cardiac causes
Individuals who correctly interpreted their ACS symptoms have been found to seek treatment faster than those who do not [24, 37, 39, 40] . Li and colleagues found it took 3.6 8 times less for those who attributed symptoms to cardiac events to seek medical treatment than those who did not [37] . The lack of recognition of ACS symptoms and the low perception of the associated risks can contribute to prolonged delay [41] . This is in accordance with a US study that showed a person's belief that they would never have an AMI significantly increased the odds of delay compared with others [42] . The study by Zhang et al illustrated the knowledge level of heart attack symptoms among
Beijing residents was comparable or lower than those described in Western regions more than a decade ago [43] .
Internationally, Dracup and colleagues found that even following diagnosis of ACS and numerous interactions with health care professionals, individuals' knowledge of ACS symptoms remained poor [32] . Fourteen of the 28 studies in this review (Table 1) identify that diabetes or heart disease history was a factor impacting on pre-hospital delay. A prior history of heart disease and diabetes did not motivate patients to seek prompt medical care for suspected ACS symptoms in a Beijing study [44] . Similarly, individuals who had undergone coronary artery bypass graft (CABG) surgery felt less at risk for a future AMI than other individuals of the same age [32] . In diabetic patients, the absence of traditional symptoms delayed treatment seeking [19] .
Lack of health insurance
Socioeconomic status is an important factor impacting on decisions to seek medical care promptly [45] . The high cost of hospitalization deters people from seeking medical assistance immediately [46] [47] [48] . Health insurance coverage is a direct and modifiable predictor of delay in seeking treatment due to the current fee-for-service medical model in China. Seven of the 28 studies in Table 1 demonstrate that health insurance coverage was a significant factor leading to pre-hospital delay in patients with suspected ACS. The lower the level of health insurance coverage, the longer the delayed time observed [32, 44] . tended to delay seeking medical care (US$: ￥RMB = 1: 6.8) [49] . Consequently, there is less access to treatment and as a consequence inferior outcomes in CHD within the Chinese population [50, 51] .
Transportation
Presenting to hospital other than via ambulance is another factor associated with pre-hospital delay for ACS both in China and internationally [44, 52] . Seven studies in this review concluded that transportation is a major barrier for patients seeking prompt medical treatment. Delay time was demonstrated to be less among individuals who used an emergency medical system (ambulance) than those who used other means [32, 49] . Wu et al found that less than half the population surveyed knew about the ambulance system and less than 10% reached hospital via ambulance in Tianjin city in 1997 [46] . Nearly a decade later, in 2006, Zhang et al [43] showed that in Beijing, a neighboring city, only 31.7％ of participants reported calling an ambulance if they suspected they were experiencing a heart attack. The lack of access to transportation is an important consideration in individuals not pursuing help upon symptom onset at night, particularly, older people and those living in rural areas [19, 44, 47] .
Female gender
Women have been found to delay significantly longer than men in seeking treatment by international and Chinese researchers [21, [53] [54] [55] [56] . Studies have shown that there are longer delay times in women leading to inferior outcomes [57, 58] . Six studies in this review illustrated female gender is a factor contributing to prolonged delay in seeking medical attention in the course of ACS symptoms. However, being female as an independent factor related to pre-hospital delay for ACS is controversial [46, 59] .
Gao and colleagues found that female gender was not an independent factor relating to prolonged delay, although it occurred more often in women potentially due to other factors such as older age and diabetic history [60] .
Factors such as acuity and severity of ACS symptoms were associated with prompt hospital admission [37, 46, 61] . Sudden onset and more progressive symptoms were associated with less time delayed for seeking medical service [46, 61] . Not wanting to trouble others and waiting for symptoms to dissipate impeded patients seeking help, especially at night [62] . A qualitative study using in-depth interviews described that some people perceived health as very private and were reluctant to call an ambulance or let others know [45] . Also, socioeconomic status indicators including education and income were barriers for timely treatment-seeking for ACS [32, 36] . Those with higher education and income levels recognized the importance of seeking timely treatment [32, 46, 63] . Internationally, race is an independent factor of pre-hospital delay for ACS [31] . We were unable to identify data reporting similar trends in the minority groups in China.
Some studies identified in this review also attributed pre-hospital delay for ACS to community hospitals which provide neither thrombolytic nor PCI reperfusion therapy [47, 64] . Delay times were long and increased mortality because patients missed the optimal treatment time window for revascularization.
Implications for the Chinese health care system
Coronary revascularization, including thrombolytic therapy and primary PCI as early as possible after onset of ACS is an important factor influencing health outcomes.
Raising awareness through heart health education initiatives and health care system reform are necessary strategies to improve outcomes.
Raising heart health awareness
There is a general lack of knowledge regarding ACS among the Chinese population, potentially related to insufficient health campaigns [65] . Cardiovascular disease is a new health care consideration in China, where the primary focus has not yet shifted from infectious disease to chronic disease [66] . The findings in this study demonstrate the urgent need for reinforcing health education to raise awareness of high prevalence of heart disease, the nature of typical and atypical ACS symptoms, benefits of early treatment, and assessing and modifying risk factors. Yet, within the context of the international experience, education alone is unlikely to achieve significant improvements in pre-hospital delay [67] . Initiatives should particularly target at vulnerable populations such as older people, women, and individuals and families in rural areas and those from lower socio-economic background and poor health literacy.
The period of hospitalization following acute hospitalization is a critical time for patients to focus on their own health and receive updated health information.
Hospital-run health education clinics may assist in helping patients with selfmanagement strategies and action plans for cardiac events. Health professionals need to be vigilant concerning vulnerable populations and provide individualized education plans. Initiatives such as the Go Red for Women campaign aim to improve women's awareness of heart disease in the US, Australia and other countries [68] and would be a useful model in China to shift public attention to the heart health of women and decrease their pre-hospital delay. Social marketing campaigns and health promotion initiatives, such as healthy eating and smoking cessation, are also necessary to decrease the burden of CHD.
Health care system reform 13 The expense of hospitalization limits individuals from seeking immediate treatment.
Expanding health insurance coverage should be a priority of the ongoing health reform [69] . Equitable access to medical care and economic support for vulnerable patients such as older people, women, and low socio-economic groups would be potentially an effective means of decreasing pre-hospital delay and poor outcomes of patients with ACS in China.
It appears that the decision to call for an ambulance represents an important health seeking behavior that results in shorter delay. Furthermore, ECGs done en route to hospital often expedites treatment as compared to those initiated after hospital arrival [46] . However, this review identified that only a small portion of patients were aware of the emergency system and few arrived via ambulance. Even in the capital city, Beijing, less than one third of the respondents reported that they would call themselves an ambulance for suspected heart attack [43] . This may explain the study results which showed less than 30% of AMI patients arrived at hospital via ambulance [33, 49] . Improving accessibility to emergency transportation will likely improve outcomes. The large population and vast territory in China mean that establishing effective emergency systems is vital. Educating the public to call an ambulance will strengthen the perception that 'every minute counts to save lives'.
Implementing pre-hospital thrombolytic treatment has been successful in some hospitals and needs further development in China [70] .
Finally, training professionals in community clinics or hospitals to initiate reperfusion therapy is important. This may reduce the delay time for ACS patients who first seek medical attention in these settings. Also, developing networks between advanced hospitals and community health services, establishing ACS clinical pathways and increasing access to chest pain centers are important strategies to improve health outcomes [65] .
Conclusion
This review has determined that pre-hospital delay for ACS in China is a significant health care issue. Given the burden of this problem in China, the numbers of studies and participants is sparse. Fortunately, there is an expansive international experience that can assist in formulating responses to this challenge. Implementing evidence based strategies and developing strategies tailored to Chinese people and the Chinese health system is vital to improve health outcomes. Future research should focus on understanding Chinese people's awareness, and attitudes towards ACS in order to develop and implement culturally appropriate interventions.
Clinical Pearls
• Pre-hospital delay for acute coronary syndromes is a global concern • The increasing burden of coronary heart disease in China requires a focus on improving systems of care and increasing the awareness of early access to treatment • Addressing the needs of older people, those with lower levels of education and other vulnerable populations in China should be considered in developing interventions. PDT≤6hrs,n=119; PDT>6hrs, n=65.
• Older age, diabetes history, atypical angina and onset at night were independent factors associated with prolonged delay for AMI. Baofu Wang, Xiaofeng Han, Jian Wang. PDT≤2hrs, n=101; PDT>2hrs, n=311.
• PDT <6hrs, n=169; PDT≥6hrs, n=124.
• Older age, atypical symptoms, medical knowledge towards angina, AMI or history of angina, symptoms at night and cost of treatment contributed to delay.
Qiuhua Li, Lei Li, Yanrong Tie. [37] Chinese Journal of Misdiagnosis (in Chinese) Questionn aire administra tion among patients
PDT >2hrs, n=99; PDT>6hrs, n=41.
• Attribution of symptoms to cardiac causes was an independant factor related to early hospital arrival. Progressive symptoms, onset at night were factors associated with prolonged pre-hospital delay. The decision to seek medical assistance was much influenced by family members for those onset at home. Li • Lack of awareness and recognition of symptoms and a failure to use the ambulance system contributed to delay. Self-administering medication and awating effect, were found factors impacting on pre-hospital delay in AMI patients. Shuili Li, Shumei Yue. [41] Chinese • Severity of symptoms was found closely related and AMI symptom recognition was an independent factor to long PDT.
• Gender and income were not found to predict delay..
• • Education level, atypical presentation of AMI, and family Yuqiu Li, Baoli Hong, Congxin Huang. [49] (in English) administra tion members at site were associated with longer delay time in seeking medical assistance. PDT<=6hrs, n=221; PDT>6hrs, n=193;
• Older age, diabetic or angina history and nocturnal onset were independent factors associated
